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BP not at goal* while taking 3 or more 
antihypertensive medications, including

a diuretic if possible

BP controlled to goal* using 4 or more 
antihypertensive medications

Resistant Hypertension: Updated Definition

1

2
*For most patients, the current goal is <130/80 mm Hg

Calhoun DA et al. Circulation. 2008;117:e510-526



Bangalore S et al. AM J Med. 2014;127(1):71-81

In patients with CAD, treatment-resistant hypertension is associated 

with a marked increase in the risk of cardiovascular morbidity and 

mortality, including an increase in all-cause death

Resistant Hypertension: Outcomes



Muntner, Davis, Cushman, Bangalore S et al. AM J Med. 2014; 64(5):1012-21

These results demonstrate that aTRH increases the risk 

for cardiovascular disease and end-stage renal disease

Resistant Hypertension: Outcomes



Device Based Therapies

Looking Beyond Conventional Approach



Renal Sympathetic Denervation and BP 

Reduction

(First Gen Trials)



SYMPLICITY HTN-2: Primary Endpoint
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Symplicity HTN-2 Investigators. Lancet 2010; 376: 1903–09





SYMPLICITY HTN-3: Primary Endpoint

Bhatt et al. N Engl J Med 2014;370:1393-401.
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P = 0.26 for superiority with a margin of 5 mm Hg

Office BP at 6 months



“….the time has come to turn the page on 

renal denervation for hypertension but by 

all means, let’s not close the book”

Franz H. Messerli and Sripal Bangalore, NEJM 2014



Lessons Learned From Prior Trials



Variability in Renal Nerve Distribution

Sakakura et al, J Am Coll Cardiol. 2014;64(7):635-643
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P value for trend= 0.16

Kandzari D. EuroPCR 2014



RDN for Hypertension
Device Changes



Renal Sympathetic Denervation and BP 

Reduction

(Second Gen Trials)



Paradise™ Ultrasound Renal Denervation (uRDN) System

Paradise™ uRDN

• Cool – protect the renal artery from 

the inside

• Heat – ablate the renal nerves on the 

outside

Paradise™ Technology
Ultrasonic Heating + Water Cooling → Paradise™ Thermal Profile

Paradise™ Thermal Profile:

Protect Renal Arteries & Ablate Renal Nerves



RADIANCE™ Study Designs (SOLO, TRIO, RADIANCE II)

Blinded, Sham-Controlled, Individually Powered Trials to Demonstrate BP Lowering Effectiveness at 2 Months
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SOLO TRIORADIANCE II

Antihypertensive 

Medication Washout 

(4 weeks)

Baseline Daytime ABP 

≥135/85 & <170/105 

mmHg

Fixed Dose, 3-Drug 

Combination Pill 

Stabilization (4 weeks)

Baseline Daytime ABP 

≥135/85 mmHg

SOLO TRIO

CTA / MRA, Renal Duplex, Renal Angiography

Office BP ≥140/90 

on 0-2 anti-HTN meds or 

controlled on 1-2 meds

Office BP ≥140/90 

on 3+ anti-HTN meds

Antihypertensive 

Medication Washout 

(4 weeks)

Baseline Daytime ABP 

≥135/85 & <170/105 

mmHg

RADIANCE II

Office BP ≥140/90 

on 0-2 anti-HTN meds

uRDN

SOLO (N=74)

TRIO (N=69)

RADIANCE II (N=150)

Sham

SOLO (N=72)

TRIO (N=67)

RADIANCE II (N=74)

Primary Efficacy Endpoint @ 2 Months
∆ Daytime Ambulatory Systolic BP

No Med Changes Unless 

Escape BP Criteria Exceeded

Patients, Following Physicians, 

and Output Assessors Blinded 

at Randomization

Screening BP & Med Criteria

Medication 

Standardization / Washout

ABPM Criteria



uRDN Demonstrated Significant Blood Pressure Reductions in 

3 Sham-Controlled Randomized Trials

The PARADISE System is Limited by US Federal Law to Investigational Use Only in the United 

States. 
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SOLO Off-Med 1 TRIO On 3 Meds 3

1.  Azizi et al. Lancet. 2018 Jun 9;391(10137):2335-2345. 2. Kirtane et al. TCT2022. 3. 

Azizi et al. Lancet. 2021 Jun 26;397(10293):2476-2486 

RADIANCE II Off-Med 2

*individual group changes 

are based on observed 

values uRDN N=145 and 

Sham N=73

- 6.3 mmHg (p < 0.0001)

uRDN
(N = 150)

Sham
(N = 74)
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Mild to Moderate Hypertension Resistant Hypertension 



RADIANCE-HTN and Achieve Studies:

Office Systolic Blood Pressure up to 36 Months
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1. Azizi et al. Lancet. 2018 Jun 9;391(10137):2335-2345. 2. Azizi et al. Circulation. 2019;139:2542–2553. 3. Azizi et al. JACC 
Cardiovasc Interv. 2020 Dec 28;13(24):2922-2933. 4. Rader et al. TCT 2021 5. Azizi et al. Lancet. 2021;397:2476-2486. 

6. Kirtane et al. TCT 2021. 7. Daemen et al. J Hypertens. 2019 Sep;37(9):1906-1912. 8. Rader et al. EuroIntervention 2022;18-online 9. 
Schmieder et al. TCT 2022

* Medication titrated



SPYRAL HTN Clinical Program 

Over 4,000 Patients Studied Across Broad Patient Population 



SPYRAL HTN OFF MED and ON MED Pilot Programs 

OFF MED Pilot: Townsend, R., et al. The Lancet, 2017 
ON MED Pilot: Kandzari, D., et al. The Lancet, 2018 



SPYRAL HTN OFF MED and ON MED Pilot Programs 

OFF MED Pilot: Townsend, R., et al. The Lancet, 2017 
ON MED Pilot: Kandzari, D., et al. The Lancet, 2018 



SPYRAL HTN ON MED Pilot
3 Year Follow-up 

Mahfoud F, Kandzari D, et al. Lancet 2022; ACC Late Breaking Trials 2022 



SPYRAL HTN ON MED Pivotal Trial

AHA Late Breaking Trials 2022 

Blood Pressure Changes at 6 Months

Blood Pressure Changes at 6 Months
Prespecified Efficacy Endpoints (Frequentist)

P-values are ANCOVA adjusted
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SPYRAL ON MED: BP Response over Time

Kandzari D, et al. Lancet. 2018



RDN Effect on BP: “Always On”

Kario K, et al. Hypertension. 2019 Jul 1:HYPERTENSIONAHA11913081. 
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ABP Reduction: Comparison to Medications
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Renal Denervation (N=74)

Sham Procedure (N=72)

% Patients with 

≥ 5 mm Hg Decrease

Renal Denervation: 66%

Sham Procedure: 33%

P<0.001

66%

33%

RDN: Individual Patient Response

Azizi et al. Lancet. Published online 23 May 2018 



RDN for Hypertension
Summary and Unanswered Questions

▪ RDN is safe with very low risk of complications

▪ RDN lowers BP and has an “always on” effect

▪ Long-term (>5 years) durability of BP reduction unknown

▪ RDN decreases pill burden

▪ BP lowering efficacy of RDN variable

▪ Pre-selection of patients?

▪ How to test if denervation is achieved?

▪ How much denervation is optimal?

▪ Will BP reduction with RDN provide outcomes benefit?



RDN for Hypertension:
Potential Applications

▪ Patients with uncontrolled hypertension

▪ Patient intolerant to antihypertensive agents

▪ As a first line therapy in patients with 

sympathetically mediated hypertension (such as 

the young)



RDN Hype Cycle

(SYMPLICITY HTN-1 & 2)

(SYMPLICITY HTN-3)

(SPYRAL OFF and ON med 

Pilot/Pivotal; RADIANCE HTN 

SOLO/TRIO/RADIANCE II)


